The methods of sanitary inspection performed primarily by traditional culture methods are time consuming, laborious, and require complicated laboratory techniques. A number of instrumental methods have been introduced for the rapid determination of viable cells based on the metabolic activities of microorganisms. The DOX system is one of the newly developed rapid inspection methods. It has three independent incubators that hold 60 vials each can estimate viable bacterial cell number by measuring the respiration speed of microorganisms and also has a high correlation between the detection time (Dt) and the viable bacterial cell number. We made a quantification analysis of coliform, and identified the presence of Escherichia coli from various kinds of vegetable samples. A total of 131 vegetable samples were tested to compare the plate count of coliform to the count using the DOX method. The correlation coefficient for the estimation of coliform-bacterial cell number was 0.85, which theoretically suggested that the DOX system was able to detect one cell of coliform-bacteria after 17.7 h of incubation. Among the 131 samples, 20 samples were confirmed for the presence of E. coli-positive cells using the UV-lamp method. This study suggested that the DOX system performs better than the conventional method for the routine inspection of coliform and E. coli from vegetable samples. Therefore, this system could be useful for the rapid detection of coliform and E. coli from vegetable samples with minimum labor and cost.
Conventional microbiological methods for determining a bacterial count or for tracing certain pathogenic microorganisms require a great deal of time, work and material. Modern quality assurance, e.g., on the basis of the hazard analysis critical control point concept, requires test methods with speedily available results to allow a quick reaction to possible risks. The test duration is especially important where the quality assurance of highly perishable products is concerned. In addition, the decrease in storage costs through the use of rapid methods is advantageous for the food industry. In 1990, a rule to detect coliform and E. coli with fluorogenic substrate was promulgated in the United States (Register, 1990) , and this method was subsequently adopted by the Japanese government for drinking water.
In the new procedure, two active substrates, o-nitrophenyl-␤-D-galactopyrano-side (ONPG) and 4-methylumbelliferyl-␤-Dglucuronide (MUG) are combined to simultaneously detect coliform and E. coli. Coliform produces the enzyme-␤-galactosidase, which hydrolyzes ONPG and releases o-nitrophenol, which produces a yellow color. E. coli produces the enzyme-␤-glucuronidase, which hydrolyzes MUG to form a fluorescent compound (Venkateswaran et al., 1996) .
This simple and rapid method was developed to detect coliforms in surface water (Brenner et al.,1993; Clark et al., 1991 , Clark & El-Shaarawi, 1993 Park et al., 1995) , drinking water (Coloquhon et al., 1995; Edberg et al., 1989; Rice et al., 1990; Rice et al., 1991) , marine water (Manafi et al., 1989; Palmer et al., 1993) , wastewater (Feng & Hartman, 1982) , fecal material (Rice et al., 1990) and food (Moberg et al., 1988; Poelma et al., 1987) . Following the success of the technology described by Venkateswaran et al. (1996) and others and because the assay is rapid and sensitive, many companies have produced chromogenic-fluorogenic substrate systems for enumerating coliforms and fecal coliforms. A number of instrumental methods have been introduced for the rapid determination of viable cells based on the metabolic activities of microorganisms. These systems include the Colilert system (Environetics, Branford, CT), the lauryl sulfate tryptose (LST)-MUG system (Hach Loveland, CO), the Colitrack-plus system (BioControl Systems, Bothell, WA), the LMX broth system (Merck, Darmstadt, Germany), and the Promedia system (Elmex, Tokyo). Many of these systems are based on LST enrichment followed by fluorogenic evaluation; one exception is the Colilert system, in which minimal medium is used to promote bacterial growth. The DOX system is one of such newly developed rapid instrumental methods, which has three independent incubators that hold 60 vials each, can estimate viable bacterial cell number by measuring respiration speed of microorganisms and has a high correlation between the detection time (Dt) and the viable bacterial cell number (Amano et al., 2001) .
This study was undertaken to evaluate the ability of the DOX system to detect coliform and E. coli in raw vegetables in comparison with the conventional plate count method.
Material and Methods
Bacterial strains and culture conditions The microorganisms used in this study were E. coli (JCM 1649), Enterobacter E-mail: skawasa@nfri.affrc.go.jp cloacae (IFO 13535), Pseudomonas aeruginosa (ATCC 9027), and Staphylococcus aureus (ATCC 6538). All test organisms were grown in trypticase soy broth at 37˚C for 18 to 24 h before they were used. The overnight cultures were serially diluted in sterile phosphate buffered saline (PBS) in water.
Specificity test The suspension mixture of E. coli and P. aeruginosa or S. aureus bacteria was used to confirm coliform specificity. One milliliter of serially diluted 10 7 to 10 1 CFU per ml of E. coli was mixed with 1 ml of 10 6 CFU per ml of P. aeruginosa or S. aureus strains. One milliliter of each mixture was transferred to DOX vials, prepared for coliform use and then 1 ml of COLILERT 18 medium was added. The inoculated vials were then inserted into the incubation block port and the data analysis was performed with installed software according to the manufacturer's instructions.
In addition, to examine the effect of food nutrients, P. aeruginosa or S. aureus bacterial suspensions of 10 5 CFU per ml containing 10% beef-extract, 10% peptone and 10% glucose solutions were prepared and tested.
Sample collection A total of 131 samples of vegetables (bean sprouts, white radish sprouts, cabbage, and lettuce) were purchased from the local supermarket and were immediately transported to the laboratory in an insulated cooler box, and the bacteriological analysis was initiated within 2 to 3 h of purchase.
Sample preparation for total coliform count A 25-g analytical unit of each sample (cut into small pieces) was homogenized for 1 min with a homogenizer (model SH-001; Elmex) along with 225 ml of sterile PBS, and then serial 10-fold dilutions were prepared with sterile PBS. To determine the total coliform count by conventional method, one milliliter of the stomached mixture was pour plated on duplicate X-GAL (Nissui Co., Ltd, Tokyo) agar plates and the blue colonies were counted after the plates were incubated at 37˚C overnight.
To determine the total coliform count by DOX method, one milliliter of the stomached mixture was transferred to DOX vials and then 1 ml of COLILERT 18 medium was added. The inoculated vials were then inserted into the incubation block port and the data analysis was performed with installed software according to the manufacturer's instructions. Instrument of DOX system Respiration of microorganisms was measured with a DOX 60F model that connected with an incubator and a personal computer as a data analysis accessory. The DOX 60F instrument contains an incubation block of 60 sample ports which can monitored at 35˚C for 18 h, each sample port is equipped with an electrode which measured the changing intensity of electric current. When bacteria reaches a level of approximately 10 6 CFU/ml, the intensity of electric current changes significantly. The elapsed time between the initiation of recording until the changing of electric current intensity is defined as the detection time (Dt). The inoculated vials are inserted into the sample port and dissolved oxygen concentration is automatically measured with an oxygen electrode sensor every 5 min for each vial. Data collection and analysis were performed with installed software according to the manufacturer's instructions. Standard curve of Dt versus log 10 of the total coliform count number were used to evaluate the quantification analysis.
Identification of E. coli by DOX system One milliliter of stomached sample was placed into the DOX vial and 1 ml of COLILERT18 medium was added. The vials were then placed into the DOX incubation port and monitored at 35˚C for 18 h. They were observed under 365 nm of a UV-transilluminator for fluorescence intensity and the presence of E. coli was confirmed by positive fluorescence intensity.
Results and Discussion
Measuring of dissolved oxygen The change of dissolved oxygen concentration (the intensity of electric current in growth medium) is shown in Fig. 1 and it was observed that the intensity of electric current was increased sharply and then gradually decreased with the concentration of organisms in the growth medium. This result indicates the accumulation of o-nitrophenol, which is the hydrolyzed product of ONPG, in COLILERT18 medium. No intensity of electric current was observed in the control sample. Amano et al. (2001) established the detection threshold, with a low electric current of about 300 nA using nutrient medium to the DOX system. In this experiment a high intensity electric current of 1500 nA was set using COLILERT 18 medium to the DOX system. In other words, Dt for coliform detection was defined as the incubation time at which a sample's current value crossed the threshold value (1500 nA).
Specificity test of DOX system The results of the specificity test are shown in Fig. 2 . The growth of S. aureus that was representative of the gram-positive bacteria had no effect in DOX measurement. The larger the initial coliform bacterial number, the shorter was the detection time. Approximately 10 5 CFU per ml of coliform could be detected within 300 min. On the other hand, 10 6 CFU per ml of P. aeruginosa, which was representative of the gram-negative non-coliform bacteria, gave a false-positive result. These results suggested the limitation of COLILERT 18 selective medium to select coliform bacteria in vitro. Therefore, 10 5 CFU per ml of non-coliform bacteria was used for the specificity test in the following experiments ( Fig. 1 and 2. ).
There was no effect observed by food nutrients in Fig. 3 . P. aeruginosa and S. aureus did not grow in COLILERT 18 medium with a solution containing either beef-extract, peptone or Fig. 1 . Change of the current value in the COLLILART18 medium. The experiment was submitted with 10 7 -10 1 CFU/ml of E. coli. ииииии Blank --10 1 CFU/ml 10 3 CFU/ml ------10 5 CFU/ml •••••• 10 7 CFU/ml. glucose. Actual food extracts inoculated with P. aeruginosa and S. aureus were also tested, and the DOX system did not detect these non-coliform bacteria. Fricker and Fricker (1996) showed that 10 6 CFU per ml of Aeromonas hydrophila which is noncoliform bacteria could not grow in COLILERT 18 medium. This result was in agreement with our experimental data and the current measured value (nA) always showed an even value.
Construction of standard curve The regression line for data collected using the standard method plotted against data obtained using the DOX method for estimation of total coliform populations from a total of 131 vegetables samples is presented in Fig. 4 . The correlation coefficient for the regression line comparing the two measurements was 0.85. The line equation was as follows: log 10 CFU/mlϭ8.1314-0.0077 (Dt). Using the DOX method, results were obtained in 2 to 15 h, as opposed to the 48h time period required to enumerate coliform using the standard plate count method. Theoretically, the DOX system would be able to detect one cell of coliform after 17.7 h of incubation.
Reduction in the dissolved oxygen density was observed by bacterial respiration and the viable coliform bacterial number can estimate to monitor dissolved oxygen with the oxygen electrode. Detection time (Dt) relies on the coliform number in the vials and the correlation coefficient is close to 1.0 of the pure culture experiment (data not shown). The standard curve of vegetables is found inferior to the pure culture experiments. However, the DOX method has the potential for practical use since it detected, rapidly estimated and showed a 0.85 correlation coefficient in the various food samples tested. Though these samples included various coliform bacteria, the standard curve showed high correla- Fig. 2 . Change of the current value in the COLLILART18 medium with 10 6 CFU/ml of P. aeruginosa (A) and S. aureus (B). The experiment was submitted with 10 7 -10 1 CFU/ml of E. coli. ииииии Blank --10 1 CFU/ml ------10 3 CFU/ml •••••• 10 5 CFU/ml ----10 7 CFU/ml. tion. Therefore, Dt apparently does not vary among species of coliform bacteria. In other reported methods e.g., the BioSys (Shelef & Firstenberg-Eden, 1997) , which can monitor pH and a redox shift in detection medium gave a high correlation standard curve (rϭ0.9) from ground pork (Russell, 2001) and rawvegetables and fruits (Kawasaki et al., 2002) . Wawerla et al. (1999) described that the microbiological methods and equipmens (for example, Bactometer (Russell, 2000) , Malthus (Joosten et al., 1994) , and RABIT (Madden et al., 1996) systems) also have high correlation coefficient.
E. coli detection and distribution of vegetables We examined whether E. coli would be detectable from fresh vegetables using COLILERT18 medium. The components of fresh vegetables did not affect detection of the presence of E. coli. The distributions of E. coli in the vegetables are shown in Fig. 5 . Twenty (14.0%) out of 131 vegetable samples were found E. coli positive and the E. coli positive samples represented the following products: 14 bean-sprout samples, 5 white radish sprout samples, and 1 cabbage sample. The rate of positive samples in each kind of vegetable was; bean-sprouts, 41.2˚C (14/34), white radish sprouts, 14.3% (5/35), cabbage, 2.9% (1/35), and lettuce 0% (0/ 35). These results indicate the unhygienic conditions of the place where the vegetables were prepared and unhygienic storage conditions and temperatures.
Detection of coliforms and E. coli by an enzymatic analysis in which fluorogenic substrates are used has several advantages. First, only one medium containing two substrates is required to detect both coliforms and E. coli, instead of three liquid media (LST medium, BGLB broth and EC broth) and one solid medium (VRB agar) as required by the conventional method. Moreover, the total time needed to accomplish the analysis is reduced to 24 h, and the confirmation step for E. coli is not necessary. These methods would allow processors to be able to test a product for the presence of coliform and E. coli levels and obtain results prior to shipping the product, avoiding the cost and loss of reputation associated with a recall due to high E. coli numbers. Moreover, although this instrument has a capital cost associated with its purchase, the cost per test is much lower than the cost per test to conduct the standard methods. The labor and time required to prepare samples using the rapid method is also much less, because only one dilution is required, as opposed to having to conduct multiple dilutions and pipetting and reading multiple plates.
In conclusion, the DOX system with COLILERT 18 culture medium is a suitable method for detecting coliforms and E. coli in foods with reduced time, labor and cost. Therefore, this system can be applied to control coliforms and E. coli in the food industry since as many as 180 samples can be handled simultaneously by this method.
